Abstract. The summer polar mesosphere was observed with the Sondrestrom 1.29-GHz radar with a new highresolution data acquisition mode. On one occasion, a spatially narrow enhancement in the backscattered power was seen near an altitude of 88 km. We discuss possible explanations and propose that this layer may be the first example of polar mesosphere summer echoes (PMSE) detected above 1 GHz. Specifically, we suggest that these echoes are enhanced Thomson scatter from a layer of charged aerosols, and we speculate upon the size and charge state.
Introduction
The summer polar mesosphere has fascinated atmospheric radar scientists since Ecklund and Balsley [1981] observed 50-MHz radar backscatter cross-sections much larger than could be explained by existing theories. Mesospheric echo powers from non-summer seasons and nonpolar latitudes are several orders of magnitude smaller and can be explained by electron density inhomogeneities created by neutral atmospheric turbulence which is generated by breaking or saturating gravity waves [Balsley et al., 1983] . The same explanation cannot be directly applied to polar mesosphere summer echoes (PMSE) because, at the higher altitudes at which they occur, the viscous cutoff scale of the neutral air turbulence is much larger than the radar scattering length, which means that the turbulent energy would have been dissipated by viscosity without creating significant structures at the radar scattering scales. Kelley et al. [1987] proposed that the presence of heavy hydrated protons in the region would slow down the diffusion of electrons and move the diffusive cutoff to shorter wavelengths, thereby facilitating the creation of inhomogeneities at the radar scattering length. They went on to predict that P MSE might also be seen at even shorter scattering lengths, which was confirmed by Hoppe et Therefore, in light of these conflicting theories, it was a natural step to search for P MSE with the Sondrestrom 1.29-GHz radar.
Experimental Set-Up
The Sondrestrom radar is situated at geographic 67 ø N which is similar in latitude to the other radars which have observed PMSE. (The European incoherent scatter (EIS-CAT) radars are at 69 ø N (as was the Cornell University portable radar interferometer (CUPRI)), the Poker Flat radar was at 65 ø N, and the mobile sounding system (SOUSY) radar was at 69 ø N.) The peak transmission power is 4 MW, the effective antenna aperture is 403 m 2, antenna gain is 49.9 dB, and system noise temperature is 110 K. Other details of the radar are given by Kelly [1983] .
A new mode was created for mesospheric observations, since the usual modes used by the Sondrestrom radar were designed for high-altitude incoherent scatter measurements. We used a Barker-coded single pulse designed for fine height resolution while maintaining a high signal-tonoise ratio (SNR). A 13-baud code with 4-/•s bauds was employed, which resulted in a 600-m resolution. The primary drawback with the single pulse scheme was the lack of auto-correlation function (ACF) data, thus precluding knowledge of Doppler spectra. A Barker-coded multipulse scheme was also tried in order to gain spectral data at the expense of SNP•, but the spectral resolution of 1.6 kHz was too coarse to get any meaningful information from the mesosphere. Integration times of 10-and 30-s were used on-line at different times.
Observations
Under our operating modes, electron density levels in the mesosphere were such that it was difficult to get a radar return below -,, 90 km without an enhancement caused by a particle precipitation event. Although geomagnetic activity was low during the periods of observation, one such event did occur on July 14, 1990, starting at 10:00 am local time. The local riometer indicated an absorption event, and the digisonde traces vanished at this time as well, providing further evidence and implying that particle precipitation penetrated at least as low as the upper D region.
The first three panels in Figure 1 show 5-minute averaged electron density profiles obtained during this active period. The dotted line is an average from a quiet day. In the first three panels, particle precipitation increased the electron density in the upper mesosphere thus making the region below 90 km "visible" to the radar. The electron density at 90 km, for example, is roughly an order of magnitude above the extrapolated quiet day curve. This enhancement is a necessary condition for P MSE detection since they occur almost exclusively below 90 km. The peak in the signal near 88 km is shaded and often persists from [Whitehead, 1961] . This mechanism, however, operates only down to altitudes where the magnetic field effect on the ions are dominant over that of collisions with the neutral gas. The relevant parameter is xi, the ratio of the ion gyrofrequency to the ion-neutral collision frequency, which must be a significant fraction of unity. At 90 km in the polar summer ni ,-0 2 x 10 -a, so this mechanism cannot explain the existence of a layer at these heights. 
